Easy approach to synthesize N/P/K co-doped porous carbon microfibers 1 from cane molasses as a high performance supercapacitor electrode 2 material 3 4 Abstract 21 In this study, we demonstrate a simple and low cost method to synthesize N/P/K co-doped 22 porous carbon microfibers (CMFs) from a sugar-rich byproduct (cane molasses) as the 23 precursor material. A two-step method for the synthesis of N/P/K co-doped porous CMFs 24 involving electrospinning of precursor material followed by simple carbonization at various 25 temperatures (773.15-1173.15 K) was successfully applied. The N/P/K co-doped porous 26 CMFs exhibited high specific surface area (~580 m 2 g -1 ) and hierarchical porous structure.
from cane molasses as a high performance supercapacitor electrode material
Alfin Kurniawan, L. K. Ong, Fredi Kurniawan, C. X. Lin, Felycia E. Soetaredjo, X. S. Zhao and Suryadi Ismadji For the first time, porous carbon microfibers co-doped with N/P/K were synthesized from cane molasses by combination of electrospinning and carbonization techniques and its electrochemical application to electrode materials for supercapacitors was investigated.
7
The schematic setup of electrospinning unit is shown in the ESI Figure S1 . The 143 electrospinning system consists of a high voltage power supply device, a 2-channel syringe 144 pump (10 ml individual syringe), single nozzle spinnerets with an i.d. of 0.7 mm, a grounded 145 rotating drum collector wrapped with aluminium foil and a digital panel controller. Prior to 146 electrospinning, the cane molasses was vacuum-filtered to remove coarse particles and 147 centrifuged at 5000 rpm for 10 min to remove fine solid particles. The cane molasses was 148 then loaded into a syringe and the feeding rate was set constant at 0.5 ml h -1 using a syringe 149 pump. A steady voltage of 20 kV was applied between the tip of metal spinneret and 150 grounded Al-foil located at a 10-cm distance away. The microfiber webs collected after 10 h 151 of electrospinning were peeled from Al-foil on a drum collector and vacuum-dried at room 152 temperature for 24 h.
154
The synthesis of carbon microfibers was performed by a two-step thermal treatment in a 155 Thermolyne ® horizontal tubular furnace (Model 21100). First, the as-electrospun microfiber 156 webs were stabilized at 523.15 K in air for 2 h and they were allowed to self-cool down to from the microfiber webs (M-EMFs or CMFs) by punching out a circular area of 10 mm. The 193 typical mass load of the active materials on each electrode disk was about 3.0 mg cm -2 . For 194 the electrical double-layer capacitance (EDLC) tests, the simple coin-type supercapacitor 195 device was assembled by sandwiching two electrode disks containing equal mass of active 196 material with a separator (porous polypropylene membrane, Celgard ® 2400) between them.
197
Then, two Ni-foil substrates were attached onto the edge of the electrodes in order to connect 198 the electrochemical cell. The assembly of the electrochemical cells was conducted in an 199 argon-filled glove box with less than 1 ppm of water and oxygen content. tested. The CV curves were obtained using a CHI660D electrochemical workstation at 203 various scan rates (5-100 mV s -1 ) within applied potential of 0-1 V for aqueous K 2 SO 4 204 solution and 0-3 V for ILs/ACN mixtures. The charge-discharge tests were performed 205 galvanostatically on a Neware battery testing system with current density from 0.5 to 20 A g -1 206 over applied potential range. For comparison purposes, a working electrode with Maxsorb 207 carbon as the active material was constructed by the same procedure. The carbon paste was 208 prepared by mixing 90 wt% active material, 5 wt% acetylene black and 5 wt% 209 poly(tetrafluoroethylene) binder dispersed in 2-propanol. Prior to capacitance measurements, 210 the coin cells were conditioned by immersing them in the electrolyte-containing small seal 211 bags inside an argon-filled glove box. All electrochemical measurements were carried out at 212 room temperature. 
Calculations

215
The specific capacitance, C s , of the two-electrode cell was calculated from charge-discharge 216 curve by the following equation:
where I is the current used for charge/discharge cycling (A), ∆t is the discharge time (s), ∆V 219 is the operating voltage change upon discharge excluding the IR drop (V) and m is the total 220 mass of the two active electrode materials (g). The gravimetric capacitance, C m (F g -1 ), is 221 related to the cell capacitance according to the expression:
Here, the multiplier factor 4 is used to obtain the gravimetric capacitance of a single cell 224 since the device is considered as two capacitors in series. The specific energy density (E d ) 225 and power density (P d ) of supercapacitor cell can be determined using the equation 29 :
where C m is the two-electrode cell specific capacitance (F g -1 ), V is the working voltage of 229 supercapacitor cell during the discharge process (V) and t is the discharge time (s). shown by the low-magnification SEM image in Fig. 1(a) , the as-electrospun M-EMFs has 234 regular, randomly oriented and bead-free fibrous morphology with an average diameter of 235 1.23 ± 0.21 µm and length reaching several hundreds of micron. From the high-magnification 236 SEM image in Fig. 1(b) , it can be shown that M-EMFs is essentially non-porous, judging 237 from smooth surface and low BET specific surface area of 15.7 m 2 g -1 . After carbonization 238 process, the woven microfibrous structure of M-EMFs is well-preserved ( Fig. 1(c) ). The 239 surface morphology of the carbonized fibers becomes somewhat of rough with obvious pits 240 being observed, characterizing porous structure ( Fig. 1(d) ). The porous properties of CMFs obtained from N 2 adsorption measurements are given in 249 are high in microporosity. Similar trend applies to total pore volume in which total pore 256 volume increases from 0.15 to 0.27 cm 3 g -1 at higher carbonization temperatures. The 257 microporous surface area (S mic ) and external surface area (S ext ) derived from a t-plot method 258 is presented in Table 2 and these surface properties increase with increase in carbonizing The Raman spectra of CMFs are given in Figure 3 integrated intensity ratio of D-peak to G-peak (I D /I G ) provides a useful index to assess the 307 degree of graphitization of carbon materials. As shown in Fig. 3(b phenomena. 29 The co-existence of D-peak and G-peak suggests that CMFs materials are 315 partially graphitic, which is beneficial to achieve excellent electrochemical performance. slightly deviated from a rectangular shape, which indicates that the mechanism of charge 446 storage is not purely due to electrostatic adsorption of ions in pores of carbon electrodes.
447
Compared with Maxsorb supercapacitor, a high asymmetry of the CV curve with a slower 448 current response can be observed even at a low voltage sweep rate of 10 mV s -1 , which may 449 be attributed to large intrinsic resistance in the electrode material arising from disordered 450 pore structure and narrow pore size that limits the migration of ions into the carbon pores.
451
The typical CV curve for CMF-1073.15 supercapacitor still retained without obvious 452 distortion even at high scan rates (Fig. 5b) . Such an excellent rate performance indicates 
Electrolytes
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